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1

PANEL EQUIPPED WITH A PHOTOVOLTAIC
DEVICE

The present invention relates to an exterior cladding panel
for a building equipped with a photovoltaic device. A panel
of this type 1s intended principally for the construction of
photovoltaic roofs, although it 1s not limited to this appli-
cation.

BACKGROUND

It 1s known to equip the roofs of buildings with a set of
photovoltaic modules that are electrically connected to one
another so as to enable the generation of electric energy.

The photovoltaic modules are formed by a set of photo-
voltaic cells connected 1n series. More specifically, the cells
are arranged 1n columns, wherein the columns are connected
to one another to form a sort of folded ribbon. Each module,
on 1ts periphery, has two electrical poles located close to
cach other in the form of a + terminal and a - terminal.

During the assembly of the roofing modules, 1t 1s desirable
on one hand to minimize the length of cable and on the other
hand, to prevent the cable from forming induction loops that
interfere with the generation of energy.

To do this, 1t 1s known 1n particular from CN103151409
to wire the modules “horizontally” as illustrated 1n FIG. 1.
In a first row, the modules, the electrical poles of which are
located in the upper part, are connected in series. This row
1s connected to the top row made of modules which are
connected to one another 1n series and the electrical poles of
which are located 1n the lower portion. This type of wiring
makes 1t possible to have a smaller induction loop, although
it has several disadvantages:

the connection of two successive modules 1s on the rear

side, which may necessitate access to the roof boarding,

il an uneven number of rows of modules 1s to be 1nstalled

as a rool, the wiring becomes more complicated and
requires a great deal of cable,

the cables exit on the side of the roof, which also

necessitates access to the roof boarding to connect the
cables to the electrical gnd.

It 1s also known from WQO2011/144546 that the modules
may be wired via the mtermediary of a connection system
that makes 1t possible to connect the photovoltaic system to
clectronic power converters at the level of the rnidge of the
rool. However, this connection system makes the electrical
connection of two adjacent roofing elements complex. Dur-
ing the installation of the photovoltaic roof, 1t 1s necessary
to manually perform numerous steps after the assembly of
two longitudinally adjacent panels before the two panels are
clectrically connected. It 1s necessary to position a box
overlapping between the two adjacent panels, mount the
clectrical conductors on supports, iject a silicone gel etc.

BRIEF SUMMARY

An object of the present invention 1s to remedy the
problems described above by making available an exterior
cladding panel for a building equipped with a photovoltaic
device that facilitates the installation of a photovoltaic roof
by minmimizing the operations that must be performed on site
and by simplitying the remaining operations.

The present invention provides a panel equipped with a
photovoltaic device constituted by an even number of col-
umns of photovoltaic modules, the columns being aligned
essentially parallel to one longitudinal edge of the panel,
cach column comprising an electrical pole on each of 1ts
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extremities, the polarity of an electrical pole of one extrem-
ity being the inverse of that of the electrical pole of the other
extremity, the poles of two adjacent columns being of
inverse polanty, the electrical pole being 1in the form of a
male connector when 1t 1s of one polarity and in the form of
a female connector when it 1s of the opposite polarity and the
male and female connectors being arranged so that they
interlock with one another when the lower transverse edge
of an upper panel overlaps the upper transverse edge of a
lower panel.

The panel according to the mvention may also comprise
the following optional characteristics, considered individu-
ally or 1n combination:

the panel 1s made of a formed metal sheet,

the photovoltaic modules are flexible rnbbons glued to the

panel,

the photovoltaic modules have been deposited directly on

the panel by successive deposits of layers of appropri-
ate types by vacuum deposition methods,

the columns are not electrically connected to one another,

the columns are of i1dentical length and their extremities

are aligned essentially parallel to a transverse edge of
the panel.

The present invention also provides an assembly of panels
according to the invention, juxtaposed by marginal overlap-
ping ol their longitudinal edges and/or of their transverse
edges to form rows of photovoltaic modules in the longitu-
dinal direction.

The present invention further provides an electrical device
that may be connected to a converter comprising an assem-
bly according to the invention inclined along a given slope,
for which:

at the bottom of the slope of the assembly, the electrical

pole of the lower extremity of the first row 1s electri-
cally connected to the electrical pole of the lower
extremity of the second row, and so on,

at the level of the marginal overlap of two adjacent panels

of a given row, the electrical pole of the lower extrem-
ity of each column of the upper panel 1s connected to
the facing electrical pole of inverse polarity on the
lower panel,

at the ridge of the roof, the electrical poles of the upper

extremities of the rows are connected to the converter
or among themselves 1n a manner similar to what 1s
done at the bottom of the slope.

The present mvention even further provides a method of
electrical connection, to a converter, of the constituent
panels of an assembly according to the invention inclined
along a slope, comprising the steps 1n which:

at the bottom of the slope of the assembly, the electrical

pole of the lower extremity of the first row 1s electri-
cally connected to the electrical pole of the lower
extremity of the second row, and so on,

at the level of the marginal overlap of two adjacent panels

of a given row, the electrical pole of the lower extrem-
ity of each column of the upper panel 1s connected to
the facing electrical pole of inverse polarity on the
lower panel,

at the ridge of the roof, the electrical poles of the upper

extremities of the rows are connected to the converter

or among themselves 1n a manner similar to what 1s
done at the bottom of the slope.
Other characteristics and advantages of the invention are
described in greater detail below.
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BRIEF DESCRIPTION OF THE DRAWING

The mvention will be better understood from a reading of
the following description, which 1s intended to be explana-
tory but not restrictive, with reference to the accompanying,
figures, 1n which:

FIG. 1 1s a schematic representation of an assembly of
panels according to the prior art,

FIG. 2 1s a schematic representation 1n perspective of a
panel according to one variant of the invention,

FIG. 3 1s a schematic representation of an assembly of
panels according to one variant of the invention, and

FIG. 4 1s a schematic representation of an assembly of
panels according to one variant of the invention.

DETAILED DESCRIPTION

The same reference numbers represent the same elements
in each of the figures.

Throughout the text, a panel means an element that has a
flat shape, 1.e. 1ts thickness 1s low compared to 1ts other
dimensions. The panel may be in the form of a plate or sheet
constituted by a single material or a composite assembly. In
the latter case, the panel 1s a stack of a plurality of layers of
the same material or different materials. The maternial in
question may be, among other things, a metal material, a
polymer or even a ceramic. The metal matenals steel,
aluminum, copper and zinc may be cited as non-restricting
examples. The panel 1s preferably a metal sheet. It 1s
preferably made of previously galvanized and pre-coated
steel to protect i1t against corrosion. The panel may option-
ally be foamed on 1ts bottom surface and thereby constitute
the exterior facing of a sandwich panel.

In the framework of the invention, the panel will prefer-
ably have been previously formed by means of any known
forming method, including, by way of non-restricting
examples, bending, roll forming, stamping and molding.

This forming leads among other things to the formation of
ribs on the surface of the panel. Throughout the text, a rib
means a protrusion formed on the surface of the panel. The
rib may have a trapezoidal shape, as in the case of the
exemplary embodiments described below, or a rectangular,
corrugated, sinusoidal or even omega shape, for example. It
comprises a top central part and two lateral wings.

To form a roof or a facade, the panels are assembled by
the marginal overlapping of their longitudinal edges and
their transverse edges and are afhixed to the supporting
structure of the building by fastening means such as screws,
nails or even rivets.

Throughout the text, a photovoltaic module means an
assembly that i1s capable of converting solar energy into
clectricity, and 1s delimited by a protective barrier that
isolates electrically interconnected photovoltaic cells from
the exterior.

With reference to FIG. 2, the panel 1 1s constituted
principally by a first longitudinal edge 2, a central part 3
which 1s at least partly covered by a photovoltaic device and
a second longitudinal edge 4.

The photovoltaic device 1s constituted by an even number
of columns 5 of photovoltaic modules located on the upper
surface of the panel. Each of the columns comprises at least
one photovoltaic module formed by an assembly of photo-
voltaic cells 6. By way of non-restricting example, it may be
a module 1n the form of a tlexible ribbon glued to the central
part of the panel or a module deposited directly on the
central part of the panel by successive deposits of layers of
an appropriate type using vacuum deposition methods.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

Within each photovoltaic module, the arrangement and
the organization of these photovoltaic cells 1s not limiting.
By way of a non-restricting example, the cells may be
located one below another 1n a single row or may be
arranged 1n a plurality of rows, the rows being connected to
one another to form a sort of folded ribbon. Preferably, and
to facilitate the deposition of the photovoltaic modules
directly on the panel using vacuum deposition methods, the
cells are arranged 1n a single row.

A column 5 of photovoltaic modules may therefore be
monolithic, mn other words made 1n a single piece, or may be
constituted by a plurality of photovoltaic modules placed
end to end i an alignment. Two successive photovoltaic
modules are placed end to end by establishing electrical
contact between the last photovoltaic cell of one module and
the first photovoltaic cell of the other module so that the two
cells are connected 1n series.

The columns are aligned essentially parallel to a longitu-
dinal edge of the panel. Preferably, the columns are of
identical length and their extremities are aligned essentially
parallel to a transverse edge of the panel to facilitate the
connection of the columns of two adjacent panels.

To facilitate the wiring of an assembly of panels, as will
be described below, the photovoltaic device also has the
tollowing characteristics:

an even number of columns,

cach column comprises an electrical pole 7 on each of its

extremities, the polarity of an electrical pole of one
extremity being the inverse of that of the electrical pole
of the other extremuity,

the poles of two adjacent columns are of inverse polarity.

The presence of the electrical poles on the upper surface
of the panel facilitates the connection of the modules to one
another when the panel 1s 1nstalled on the building. It 1s no
longer necessary to have access to the roof boarding to
install the wiring.

Preferably, the columns of a panel are not electrically
connected to one another. The electrical connection between
the columns will be made only after the assembly of the
panels, as will be described below. This simplifies the
fabrication of the panel in the factory and makes 1t possible
to adapt the wiring to the specificities of the assembly on the
construction site.

Each column comprises, on one of its extremities, a male
connector that functions as the first electrical pole, and on 1ts
other extremity a female connector that functions as the
second electrical pole, the two connectors being arranged so
that they interlock with one another when the lower trans-
verse edge of an upper panel overlaps the upper transverse
edge of a lower panel. Interlocking means that a portion of
the male connector 1s inserted mto a part of the female
connector when two adjacent panels are brought together, so
that the two panels are electrically connected simultaneously
with their assembly into a roof, without the need to perform
additional steps such as, for example, the manual connection
of two electrical cables. For this purpose, one part of the
male connector has a form that 1s complementary to one part
of the female connector. Preterably, the axis of the male and
female connectors 1s adjusted to make it possible to bring the
two panels together easily. Preferably, the axis 1s oriented
perpendicular to the panel. A connection of this type facili-
tates the assembly of the panels on a building and simplifies
the wiring of the photovoltaic installation.

The female connector may consist, for example, of a box
located at the level of the lower transverse edge of the panel
and comprising a female socket, the axis of which 1s oriented
perpendicular to the panel. In this case, the corresponding
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male connector consists of a male plug the axis of which 1s
oriented perpendicular to the panel, located at the level of
the upper transverse edge. During the installation of the
upper panel by moving along an axis oriented perpendicular

to the lower panel, the male connector and the female 5
connector are interlocked.

The panels according to the invention are preferably
tabricated 1n the factory, then transported to the site before
being assembled, as described below and illustrated 1n FIG.
3. On one hand, the fabrication of the entire panel 1n the
factory makes 1t possible to guarantee 1ts quality and correct
operation, and on the other hand, the assembly operations on
the site are mimimized thanks to the installation of the
exterior cladding of the building and of the photovoltaic
assembly 1n a single step.

Preferably, the panels intended for a given assembly each
have a first column 5 1n which each of poles 7 has the same
polarity as the corresponding pole of the first column of
another panel. The dimensions of the panels and the number
of columns of photovoltaic modules of the panels may vary,
however.

On structure 8 of the building to be covered, a first panel
1 1s put 1n place by fasteming means such as screws, nails or
even rivets. Preferably, the panel i1s oriented so that its
longitudinal edges run in the direction of the slope. This
orientation {facilitates the drainage of rainwater on the
assembly and preserves its water-tightness.

Then one or more panels are arranged around the first
panel and assembled to one another:

by marginal overlapping of the transverse edges of adja-

cent panels to form rows of photovoltaic modules so
that each electrical pole of a lower extremity of a
column of photovoltaic modules of the upper panel i1s
facing an electrical pole of mnverse polarity of an upper
end of a column of the lower panel.

and/or by marginal overlapping of the longitudinal edges

ol adjacent panels to multiply the number of rows.

A row of photovoltaic modules 1s therefore defined as a
juxtaposition 1n the longitudinal direction of columns of
photovoltaic modules. Depending on the shape of the struc-
ture to be covered and local restrictions such as, for example,
the presence of a window, a door or a chimney, the rows of
panels may be of vanable lengths.

In this manner, an assembly of panels 1s obtained forming,
a plurality of rows 9 of photovoltaic modules. Because each 45
panel 1s equipped with an even number of columns of
photovoltaic modules, the number of rows 1s even. The
number of photovoltaic modules per row depends on the
number of panels next to one another in a given row and may
therefore vary from one row to another. In the case of a panel
that does not exhibit any marginal overlap of 1ts transverse
edges, the row of photovoltaic modules merges with the
column of photovoltaic modules.

Each row comprises an electrical pole on each of its
extremities, the polarity of an electrical pole of one extrem-
ity being the inverse of that of the electrical pole of the other
extremity and the poles of two adjacent rows being of
inverse polarnty. In other words, each row comprises, at 1ts
lower extremity, an electrical pole which merges with the
clectrical pole of the lower extremity of the first column of 60
this row, and on 1ts upper extremity an electrical pole of
inverse polarity that merges with the electrical pole of the
upper extremity of the last column of this row. Two adjacent
columns of a panel being of inverse polarity, this reversal of
polarities 1s also found at the level of two adjacent rows.

Columns 5 of photovoltaic modules of each panel are then
clectrically connected as described below.
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At the bottom of slope 10 of the assembly, electrical pole
7 of the lower extremity of first row 9 1s electrically
connected to the electrical pole of the lower extremity of the
second row, the electrical pole of the lower extremity of the
third row 1s connected electrically to the electrical pole of
the lower extremity of the fourth row and so on.

In practice, this electrical connection 1s made by means of
transverse connectors 11 such as, by way of non-restricting
examples, a flexible electric cable or a rigid electric con-
necting strip. I1 the electrical poles of the extremities of the
rows are equipped with male and female connectors, the
wire or the connecting strip are extended by equivalent male
and female connectors that make 1t possible to connect the
connector of the extremity of the row to the wire or to the
connecting strip.

Transverse connectors 11 may also comprise a diode
ortented in such a manner that 1t blocks the passage of
current from the positive electrical pole toward the negative
clectrical pole and make possible the passage of current 1n
the mverse direction. This diode makes 1t possible, when
necessary, to short-circuit a defective column.

At the level of marginal overlap 12 of two adjacent panels
of a given row, the electrical pole of the lower extremity of
cach column of the upper panel 1s connected to the facing
electrical pole of inverse polarity on the lower panel, 1n other
words the electrical pole of the upper extremity of the
corresponding column of the lower panel.

In practice, this electrical connection 1s made simply by
interlocking the male and female connectors i1 the columns
of photovoltaic modules are equipped with them on their
extremities at the same time as the panels are installed.
Alternatively, the connection may be made by means of
vertical connectors 13 similar to the transverse connectors
described above.

At the rnidge 14, the electrical poles of the upper extremi-
ties of the rows are connected to the converter or to one
another 1n a manner similar to the connection at the bottom
of the slope as a function of the acceptable input voltage for
the converter. This input voltage 1s adjusted by adapting the
number of columns connected among themselves 1n series.
A person skilled in the art will be able to adapt this
connection principle to the specific case. FIG. 3 illustrates
one type of possible connection at the ridge of the roof. The
upper electrical pole of the first row 1s connected to the
converter. The upper electrical pole of the second row 1is
connected to the upper electrical pole of the third row by
means of a transverse connector 15 similar to those used at
the bottom of the slope. The upper electrical pole of the
fourth row 1s connected to the upper electrical pole of the
fifth row 1n the same manner. Finally, the upper electrical
pole of the sixth row 1s connected to the converter circuit.
The n photovoltaic modules of the first six rows are thus
connected 1n series and deliver to the converter a voltage
equal to n times their nominal voltage.

The following columns are then connected using the same
method.

Therefore the output of the cables toward the converter 1s
provided at the rnidge of the roof, which i1s easy to access and
facilitates their installation or access 1n case of repatr.

As the connection principle illustrated 1n FIG. 3 shows,
the even number of columns 5, and therefore of rows 9,
guarantees that the electrical connection to the converter
may be made at the ridge of the roof without recourse to any
long electric cable that runs the length of the roof. An uneven
number of columns would result 1n a last row, the lower
clectrical pole of which could not be connected to the
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converter at the ridge of the roof, except by recourse to a
cable running the entire height of the roof.

The use of the panels according to the invention offers
major flexibility i1n the design of the wiring plan. It 1s
therefore possible to adapt the wiring plan of the photovol-
taic installation 1n case of features in the rootf such as, for
example, a chimney stack, a ventilation opeming, a garret
window, a dormer or an access trapdoor. As illustrated in
FIG. 4, a feature 16 1n the roof has made 1t necessary to cut
two panels longitudinally, whereby each of these two panels
then has only one single column of photovoltaic modules. In
terms of wiring, the feature in the roolf may easily be
bypassed by the simple 1nstallation of a transverse connector
11 under the feature in the roof.

In a second exemplary embodiment of the assembly of the
panels, the manner of connecting the modules at the bottom
of the slope and at the ridge of the roof may be reversed so
that the wiring output 1s located at the bottom of the slope.

Theretfore, thanks to the delivery on the construction site
of panels according to the invention, 1t 1s very easy to put the
panels 1n position and to connect the photovoltaic modules
at the same time or afterwards.

What 1s claimed 1s:

1. A panel equipped with a photovoltaic device compris-
ng:

a longitudinal edge, a lower transverse edge and an upper

transverse edge; and

an even number of columns, each column including at

least one photovoltaic module, the even number of
columns 1including a first column and an adjacent
second column;

the first and second columns being aligned with the

longitudinal edge;

the first column having a first column first electrical pole

at a first column extremity toward the lower transverse
edge and a first column second electrical pole at an
other first column extremity toward the upper trans-
verse edge, the first column first electrical pole having
a first mnverse polarity from a first polarity of the first
column second electrical pole, the first column first
clectrical pole being one of a male connector and a
female connector and the other of the first column
second electrical pole being the other of the male and
the female connector;

the second column having a second column first electrical

pole at a second column extremity toward the lower
transverse edge and a second column second electrical
pole at an other second column extremity toward the
upper transverse edge, the second column first electri-
cal pole having a second inverse polarity from a second
polarity of the second column second electrical pole,
the second column first electrical pole being one of a
second male connector and a second female connector
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and the second column second electrical pole being the
other of the second male connector and second female
connector,
the first inverse polarity of the first column first electrical
pole also being of inverse polarity from the second
iverse polarity of the second column first electrical
pole, and the first polarity of the first column second
clectrical pole being of inverse polarity from the second
polarity of the second column second electrical pole;

the first column first electrical pole and the second column
first electrical pole thus defining a first connector pair
capable of interlocking to respective female or male
connectors at an overlapping upper transverse edge of
a further lower panel, or the first column second
electrical pole and the second column second electrical
pole defining a second connector pair capable of inter-
locking to further respective female or male connectors
at an overlapping lower transverse edge of a further
upper panel.

2. The panel according to claim 1, wherein the first and
second columns are essentially parallel with the longitudinal
edge of the panel.

3. The panel according to claim 1, wherein the panel 1s
made of a formed metal sheet.

4. The panel according to claim 1, wherein the photovol-
taic module 1s a flexible ribbon glued to the panel.

5. The panel according to claim 1, wherein the photovol-
taic module 1s deposited directly on the panel by successive
deposits of layers by vacuum deposition methods.

6. The panel according to claim 1, wherein the first and
second columns are not electrically connected to one
another.

7. The panel according to claim 1, wherein the first and
second columns are of 1dentical length and the first column
extremity and the second column extremity extremities are
aligned essentially parallel to the lower a transverse edge of
the panel.

8. The panel according to claim 1, wherein the male and
female connectors and the second male and second female
connectors extend perpendicularly with respect to the lon-
gitudinal edge.

9. The panel according to claam 1, wherein the first
column first electrical pole defines the male connector of the
first connector pair, and the second column first electrical
pole defines the second female connector of the first con-
nector pair.

10. The panel according to claim 1, wherein the first
column first electrical pole defines the female connector of
the first connector pair, and the second column first electrical
pole defines the second male connector of the first connector
pair.
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